The genus Pedobacter, a member of the family Sphingobacteriaceae, was fi rst established by Steyn et al. (1998) , and emended by Margesin et al. (2003) and Shivaji et al. (2005) . The genus Pedobacter accommodates Gram-negative and obligatory aerobic rods with menaquinone-7 (MK-7) as the major menaquinone. Pedobacter has DNA G+C content in the range of 36 to 45 mol% and contains iso-C 15:0 , iso-C 15:0 2-OH, C 16:1 ω7c and iso-C 17:0 3-OH as major components of their cellular fatty acids (Steyn et al., 1998) . Currently, the genus Pedobacter comprises more than 30 species (Euzéby, 1997), including the recently described Pedobacter bauzanensis and Pedobacter glucosidilyticus (Xuesong et al., 2010) . In this study, we isolated a J. Gen. Appl. Microbiol., 58, 309 316 (2012) The Gram-negative, aerobic, non-motile, non-spore forming, and rod-shaped bacterium designated as THG-T17
bacterium to transform ginsenosides from the soil of a ginseng fi eld, which was designated as THG-T17 T . 16S rRNA gene sequence analysis suggested that this strain belonged to a species of the genus Pedobacter. Based on the cellular fatty acid and physiological characteristics data, we suggest the strain represents a novel species of the genus Pedobacter.
Materials and Methods
Isolation of bacterial strain and culture conditions. Strain THG-T17
T was originally isolated from the soil of a ginseng fi eld of Pocheon in Korea. This soil sample was thoroughly suspended in 50 mM phosphate buffer (pH 7.0) and spread on one-fi fth strength modifi ed-R2A (MR2A) agar plates as described by Im et al. (2010) . The plates were incubated at 30 C for 1 month. Single colonies on the plates were purifi ed by transferring them onto new plates with either nutrient agar (NA) or MR2A (Difco, USA). One isolate, THG-T17 T , was cultured routinely on MR2A agar or NA at 25 C and preserved as a suspension in nutrient broth with (20%, w/v) glycerol at 70 C. The strain THG-T17
T was deposited to the Korean Agricultural Culture Collection (=KACC 16221 T ), and the Belgian Co-ordinated Collections of Micro-organisms/Laboratorium voor Microbiologie (=LMG 26577 T ) Phenotypic and biochemical characteristics. Cell morphology was observed with a light microscope at 1,000 magnifi cation (BX50, Olympus) using cells grown for 48 h at 27 C on NA. The Gram-reaction was performed by the non-staining method as described by Buck (1982) . Catalase activity was assessed by bubble production in 3% (v/v) H 2 O 2 and oxidase activity was determined using 1% (w/v) tetramethyl p-phenylenediamine (Cappuccino, et al., 2002) . Assimilation of the energy source and enzyme activities were tested by using API 20NE, API ID 32 GN and API ZYM kits according to the instructions of the manufacturer (bioMérieux, France). Tests for hydrolysis of DNA (DNase agar, Scharlau, Spain), casein (skim milk, Difco, USA), and starch (Atlas, 1993) were evaluated after 3 days of incubation on appropriate agar plates at 27 C. Conversion of ginsenoside Rb1 was examined using TLC and HPLC analysis as described by Kim et al. (2005) . Growth-dependence on temperature from 4 to 45 C and pH 4.0 10.0 (with pH intervals of 0.5) was assessed in nutrient broth (NB) after 5 days of incubation. Three different buffers (fi nal concentration, 50 mM) were used to adjust the pH of NB (acetate buffer, pH 5.0 5.5; phosphate buffer, pH 6.0 8.0; Tris buffer, pH 8.5 10.0). Salt tolerance was tested in NB supplemented NaCl with intervals of 1% after 5 days of incubation. Growth was estimated by monitoring the optic density at 600 nm. Growth was also evaluated on NA, trypticase soy agar (TSA) and Mac Conkey agar (Difco, USA) at 27 C.
Biotransformation of ginsenosides. Ginsenosides Rb1, Rc, Rd, F2, and compound K were purchased from Dalian Green Bio, Ltd. (Dalian, China). Ginsenosides gypenoside XVII and compound Mc1 were obtained as described by An et al. (2010) . The reaction mixture, containing 200 μl of 1 mM ginsenosides (Rb1 and Rc, respectively) and 200 μl of a bacterial suspension inoculated in a nutrient broth, was incubated for 4 days at 150 rpm and 30 C. During the reaction, a 50 μl aliquot was taken daily, extracted with an equal volume of water-saturated n-butanol, and subjected to TLC analysis. TLC was performed using 60F254 silica gel plates (Merck, Germany) with CHCl 3 -CH 3 OH-H 2 O (65 35 10, v/v) as the mobile solvent. The spots on the TLC plates were detected by spraying with 10% (v/v) H 2 SO 4 followed by heating.
PCR amplifi cation, 16S rRNA gene sequencing, and phylogenetic analysis. The genomic DNA of strain THG-T17
T was extracted using a commercial genomic DNA-extraction kit (Solgent, Korea). The 16S rRNA gene was amplifi ed from the chromosomal DNA using the universal bacterial primer pair 27F and 1492R and the purifi ed PCR products were sequenced by Solgent (Daejeon, Korea). Full sequences of the 16S rRNA gene were compiled using SeqMan software (DNASTAR, USA). The 16S rRNA gene sequences of related taxa were obtained from GenBank and EzTaxon server (Chun et al., 2007) . Multiple alignments were performed by the Clustal_X program (Thompson et al., 1997) and gaps were edited in the BioEdit program (Hall, 1999) . Evolutionary distances were calculated using the Kimura two-parameter model (Kimura, 1983) . The phylogenetic trees were constructed by using the neighbor-joining (Saitou and Nei, 1987) and the maximum-parsimony (Fitch, 1971) methods with the MEGA4 Program (Kumar et al., 2008) with bootstrap values based on 1,000 replications (Felsenstein, 1985) .
Isoprenoid quinones and cellular fatty acids analysis. Isoprenoid quinones were extracted with chloroform-methanol (2 1, v/v), evaporated under a vacuum and re-extracted in n-hexane-water (1 1, v/v). The crude quinone in the n-hexane solution was purifi ed using Sep-Pak Vac Cartridges Silica and subsequently analyzed by HPLC (Waters, USA), as described by Hiraishi et al. (1996) . Cellular fatty acid profi les were determined for strains grown on R2A agar for 48 h at 30 C. The cellular fatty acids were saponifi ed, methylated, and extracted according to the protocol of the Sherlock Microbial Identifi cation System (MIDI). The fatty acid methyl esters were then analyzed by gas chromatography (model 6890; Hewlett Packard) using the Microbial Identifi cation software package (Sasser, 1990) .
Determination of DNA G+C content. For measurement of the G+C content of chromosomal DNA, the genomic DNA of strain THG-T17 T was extracted and purifi ed as described by Moore and Dowhan (1995) and enzymatically degraded into nucleosides. The G+C content was then determined as described by Mesbah et al. (1989) using reverse-phase HPLC (Waters, USA).
DNA-DNA hybridization. DNA-DNA hybridization experiments were performed between strain THG-T17 T , and 3 reference strains (P. soli 15-51 T , P. roseus CL-GP80 T and P. sandarakinus DS-27 T ) with the method described by Ezaki et al. (1989) using photobiotinlabeled DNA probes and micro-dilution wells. Hybridization was performed at 51 C with fi ve replications for each sample. The highest and lowest values obtained for each sample were excluded and the means of the remaining three values were converted to percentage DNA-DNA relatedness values.
Results and Discussion

Morphological and phenotypic characteristics
Cells of strain THG-T17 T were Gram-reaction-negative, strictly aerobic, non-spore-forming, non-motile, rod-shaped, oxidase-positive and catalase-positive. The colonies grown on NA plates for 2 days were smooth, circular, light pink in color, convex, and 2 3 mm in diameter. THG-T17
T was able to grow at 4 40 C and pH 4.0 9.0 with 1 2% (w/v) NaCl on nutrient agar. The isolate grew on nutrient agar and TSA, but not on MacConkey agar. The phenotypic and chemotaxonomic characteristics that differentiate the strain THG-T17
T from other Pedobacter species are listed in Table 1 .
Biotransformation of ginsenosides
A time course study of the biotransformation of the ginsenoside Rb1 was conducted. The TLC results are shown in Fig. 1 . Ginsenoside Rb1 was transformed into two types of metabolites: F2 via gypenoside XVII, of which the Rf value was slightly lower than that of ginsenoside Rd. Ginsenoside Rc was transformed into compound Mc1, of which the Rf value was slightly above that of ginsenoside Rd. As shown in Fig. 1 , ginsenoside Rb1 was almost completely hydrolyzed after 3 days The levels of F2 and compound Mc1 reached maximums after 4 days.
Phylogenetic analysis
The 16S rRNA gene sequences of the strain THG-T17
T determined in this study were continuous stretches of 1,253 bp, which were deposited in a GenBank database (accession number JN196132). A sequence similarity calculation from using the EzTaxon server [http://www.eztaxon.org/; Chun et al. (2007) ] indicated that the closest relatives of strain THG-T17
T were Pedobacter soli 15-51 T (98.8%), P. roseus CL-GP80 T (98.4%), P. sandarakinus DS-27 T (97.7%), and P. suwonensis 15-52 T (97.7%). This relationship between strain THG-T17 T and other members of the genus Pedobacter was also evident in the phylogenetic tree, which used over 1,250 nt (Fig. 2) . Strain THG-T17 T , Pedobacter soli 15-51 T , and P. roseus CL-GP80
T formed a monophyletic group with a bootstrap high value (97%), which was supported by both tree-making S, saponin standards; 1, 1 day; 2, 2 days; 3, 3 days; 4, 4 days; Gyp 17, gypenoside XVII; CMc1, compound Mc1; C-K, compound K. methods used in this study.
Cellular fatty acid and quinone composition
The major respiratory quinone of strain THG-T17 T was menaquinone-7 (MK-7), in line with all other members of the family Sphingobacteriaceae. The cellular fatty acids of strain THG-T17 T and related type strains are listed in Table 2 .
DNA G+C content and DNA-DNA hybridization
The DNA G+C content of strain THG-T17 T was 42.4 mol%, similar to those of P. soli, P. roseus, P. sandarakinus, P. suwonensis and P. agri, which were in the range of 37.8 44.2 mol%. DNA-DNA relatedness values between strain THG-T17 T and P. soli 15-51 T , P. roseus CL-GP80 T , and P. sandarakinus DS-27 T were 27% (standard deviation (SD), 3.2%), 14% (SD, 1.5%), and 15% (SD, 1.7%), respectively. All data are from this study, except the DNA G+C contents of the reference strains (taken from; Hwang et al., 2006; Kwon et al., 2007 Kwon et al., , 2011 Yoon et al., 2006 Yoon et al., , 2007 .
All strains are Gram-negative, rod-shaped, catalase, oxidase positive and can tolerate 3% NaCl, growth occurs at NB, R2A agar and LB, negative for hydrolysis of starch, casein and Tween 80. In API 20 NE and API ID 32 GN kits all strains are positive for β-galactosidase (PNPG), D-glucose, D-mannose, N-acetyl-D-glucosamine, D-maltose, salicin, glycogen and D-sucrose but negative for reduction of nitrates to nitrogen, indole production, glucose acidifi cation, protease, D-mannitol, gluconate, adipate, citrate, phenyl-acetate, L-fucose, D-sorbitol, propionate, valerate, L-histidine, 2-ketogluconate, 3-hydroxy-butyrate, 4-hydroxy-benzoate, Dribose, inositol, itaconate, malonate, acetate, lactate, L-alanine, 5-ketogluconate, 3-hydroxy-benzoate and L-serine. In API ZYM kits, all the strains are positive for alkaline phosphatase, leucine arylamidase, valine arylamidase, acid phospatase, naphtol-AS-BIphosphohydrolase, β-galactosidase, and N-acetyl-β-glucoseaminidase activities but negative for esterase, crystine arylamidase. +, positive; , negative; w, weakly positive.
Taxonomic conclusions
The characteristics of strain THG-T17 T were consistent with the description of the genus Pedobacter with regard to morphological, biochemical and chemotaxonomic properties. However, the phylogenetic distance between strain THG-T17
T and recognized Pedobacter species, the unique phenotypic characteristics (Table 1) , and the low level of DNA-DNA relatedness values (Wayne et al., 1987) Cells are Gram-reaction-negative, strictly aerobic, nonmotile and non-spore-forming rods (0.5 0.8 μm in diameter and 1.0 2.0 μm in length) after culture on NA This tree was made using the neighbor-joining method (Saitou and Nei, 1987 ) with a Kimura (1983) twoparameter distance matrix and pairwise deletion. Dots indicate generic branches that were also recovered by using maximum-parsimony algorithms. Bootstrap values (expressed as percentages of 1,000 replications) greater than 60% are shown at the branch points. Bar, 0.02 substitutions per 1 nucleotide position. agar for 2 days. Colonies are smooth, convex, circular with regular margins, light pink in color, and 2 3 mm in diameter after 2 days on NA agar. Growth also occurs on nutrient agar and TSA, but not on MacConkey. Growth could occur on R2A at 4 40 C and at pH 4.0 9.0, but not at 45 C. Optimum growth occurs at 25 30 C and at pH 7.0. Growth occurs well without NaCl supplement. Catalase and oxidase are positive. DNA are hydrolyzed but not starch and casein. Carbon assimilation results as a sole carbon source (API ID 32 GN, API 20 NE) and the enzyme activities (API ZYM) are listed in Table 1 . MK-7 is the predominant respiratory quinone, and summed feature 3 (comprising C16:1ω7c/C16:1ω6c), C15:0 iso and C17:0 iso 3OH are the major cellular fatty acids. The G+C content of the genomic DNA is 42.4 mol%. The type strain, THG T17
T (=KACC 16221 T = LMG 26577 T ) was isolated from the soil of a ginseng fi eld of Pocheon in Korea. *Summed features represent groups of two or three fatty acids that could not be separated by GLC with the MIDI system. Summed features consist of: 1, C15:1 iso H and/or C13:0 3OH; 3, C16:1 ω7c and/or C16:1 ω6c; 4, C17:1 iso I and/or anteiso B; 5, C18:0 ante and/or C18:0 ω6, 9c; 9, C17:1 iso ω9c and/or C16:0 10-methyl.
Strains: 1, Pedobacter kyungheensis THG-T17 T ; 2, P. soli 15-51 T ; 3, P. roseus CL-GP80 T ; 4, P. sandarakinus DS-27 T ; 5, P. suwonensis 15-52 T ; 6, P. agri PB92 T ; 7, P. terrae DS-57 T .
All data are from this study. All strains were cultured on nutrient agar for 2 days at 30 C. Fatty acids less than 0.5% of the total fatty acids in all strains are not listed. , not detected.
